Control of the European corn borer with the fungi, Metarrhizium anisopliae and Beauveria bassiana by Smith, Omar Ewing
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1961
Control of the European corn borer with the fungi,
Metarrhizium anisopliae and Beauveria bassiana
Omar Ewing Smith
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Zoology Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Smith, Omar Ewing, "Control of the European corn borer with the fungi, Metarrhizium anisopliae and Beauveria bassiana" (1961).
Retrospective Theses and Dissertations. 2418.
https://lib.dr.iastate.edu/rtd/2418
This dissertation has been Mic 61—2272 
microfilmed exactly as received 
SMITH, Omar Ewing. CONTROL OF THE 
EUROPEAN CORN BORER WITH 
THE FUNGI, METARRHIZIUM ANISOPLIAE 
AND BEAUVERIA BASSIANA. 
Iowa State University of Science and Technology 
Ph.D., 1961 
Zoology 
University Microfilms, Inc., Ann Arbor, Michigan 
CONTROL OF THE EUROPEAN CORN BORER WITH THE FUNGI, 
METARRHIZIUM ANISOPLIAE AND BEAUVERIA BASS IANA 
by 
Omar Ewing Smith 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major Subject: Entomology 
Approved: 
In Charge of Major Work 
Head of Major Department 
Iowa State University 
Of Science and Technology 
Ames, Iowa 
1961 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
INTRODUCTION 
REVIEW OF LITERATURE 
MATERIALS AND METHODS 
RESULTS AND DISCUSSION 
CONCLUSIONS 
SUMMARY 
LITERATURE CITED 
ACKNOWLEDGMENTS 
APPENDIX 
TABLE OF CONTENTS 
Page 
1 
3 
19 
33 
71 
72 
76 
84 
85 
I  
INTRODUCTION 
The European corn borer, Pyrausta nubilalis (Hbn.), was first re­
ported in the United States by Vina) (1917). It has, as was anticipated, 
caused extensive loss to field and sweet corn since its introduction. 
This pest, in spite of intensive efforts to prevent its movement and to 
control this depredation, has gradually spread from a point near Boston 
until it is now found in 39 of the 50 states. The amount of damage has 
varied from year to year, ranging as high as 313,819,000 bushels in 1949. 
The insecticides DDT, endrin, heptachlor, EPN, toxaphene, and ryania 
are presently recommended for corn borer control in the North Central 
States by the U. S. Department of Agriculture and the state extension serv­
ices. Other methods such as mechanical and cultural practices serve to re­
duce the general population, but their effects are difficult to evaluate. 
Parasites of the European corn borer have been introduced into the United 
States from Europe and the Orient. Some species are well established and 
serve as a means of reducing potential populations. Resistant hybrids to 
the European corn borer have been developed, and some are being grown com­
mercially in the Corn Belt. 
The use of microorganisms to control the European corn borer was advo­
cated as early as 1928. Since then several pathogens have been tested in 
an attempt to control this insect. Field applications of Beauveria 
bass iana (Bals.) Vu ill., to control the corn borer, have been undertaken 
with some success. Bacillus thurinqiensis Berl. has also been tested 
against the European corn borer. European workers have attempted, with 
some success, to use Metarrhizium anisopliae (Metch.) Sor. to control the 
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corn borer. 
This investigation was initiated in 1959 to determine if M. anisopiiae 
and j). bassiana could be used to control the European corn borer in Iowa, 
and to secure additional information on the environmental factors that 
affect the efficacy of these organisms. 
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REVIEW OF LITERATURE 
An evaluation of the effectiveness of a microbial insecticide, against 
an insect pest, is so dependent on a thorough understanding of the biology 
of the pest and the microbial agents, it seems appropriate to review the 
more important published reports before initiating this study. 
The European corn borer is a pest of foreign origin that was first 
discovered in the United States in the vicinity of Boston in the summer of 
1917 by Vina1 (1917). He believed that it had been present in sweet corn 
near Boston for some time preceding its discovery. Evidence accumulated 
since its original discovery indicates strongly that broomcorn imported 
from Hungary or Italy, during the period 1909 to 1914, was the probable 
means of initial entrance. Since that time it has spread westward and 
southward over the important corn acreage east of the Rocky Mountains. The 
insect was first reported in Iowa in 1942 by Harris and Brindley (1942). 
During the period from 1942 to 1951 this pest caused an estimated average 
annual loss of 80,500,000 dollars in grain corn and 3,500,000 dollars in 
damage to sweet corn in the United States. 
According to Metcalf et al. (1951), the infestations in the United 
States apparently did not originate from a single importation. The corn 
borers predominating in the eastern and southern portions of the infested 
area are of a multiple-generation type, whereas in the northern area a 
single-generation type predominates. Where two generations prevail, moths 
from overwintering larvae emerge in June and early July, and the larvae 
from their progeny become full grown by September. The character of the 
injury inflicted depends on the stage of development of the corn plant 
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when attacked. 
Host Plants 
Corn is infested and Injured by the larvae of the European corn borer 
to a greater extent than any other crop attacked. The larvae attack field 
corn, sweet corn, popcorn, and corn planted for fodder or silage. Babcock 
and Vance (1929) reported that the original host plants of the European 
corn borer in Europe were probably wild grasses or wild hemp. Some of the 
weeds and grasses commonly found in or near corn fields such as pigweed, 
smartweed, cocklebur, barnyard grass, foxtail, and panic grass are fre­
quently infested. It also attacks such crops as sorghum, soybean, millet, 
buckwheat, oats, potato, pepper, and the flowering plants dahlia, aster, 
gladiolus, zinnia, and hollyhock. Clark (1939) reported 100 percent in­
festation of potatoes in New Jersey with an average of over five larvae 
per plant. Ruffin and Eden (1956), in Alabama, reported as many as 65 
percent of the pods of pimento pepper infested, as well as 60 percent of 
the stalks. Over 200 kinds of plants have been found infested, although 
some of them serve as shelter rather than as food. This wide range of 
host plants points out that the corn borer is a very adaptable insect. 
Biology of the European Corn Borer 
In a publication issued by the U. S. Department of Agriculture (1955), 
it is stated that eggs of the corn borer are laid in masses, mostly on the 
under side of the leaves of the corn plant. Egg masses range in size from 
a few eggs to more than 100, with an average of from 15 to 20. The 
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incubation period of the eggs usually ranges from four to seven days. 
Newly hatched larvae of the first brood invade the whorl of the corn plant. 
When the larvae are about half grown, they begin to invade the stalk, the 
ear, the midrib, or the leaf sheath. Larvae usually complete their de­
velopment in approximately 30 to 40 days, depending on environmental con­
ditions. Larvae of the European corn borer go through five instars before 
pupation occurs in growing corn stalks and under leaf sheaths. Adults of 
the second brood emerge in July and August and lay their eggs on late 
maturing corn. The insect overwinters as a full-grown diapausing larva in 
corn stalks and in the stems of other host plants. The pupal stage varies 
from 10 to 20 days, depending on prevailing temperatures. Adults of the 
insect have a life span of approximately 15 days. European corn borer 
moths lay an average of 400 eggs. Dry summers, extremely cold winters, 
and heavy rains at the time of egg hatching have been reported to be un­
favorable to the insect. 
Control Measures 
Various cultural procedures have been advocated as means of control­
ling the European corn borer. In general, sound farm practices go hand-in-
hand with effective corn borer control (U. S. Department of Agriculture 
1955)• Early efforts to control the corn borer in the United States were 
directed toward the destruction of the overwintering larvae in the crop 
residue. Caffrey (1935) advocated such practices as deep, clean plowing, 
feeding or burning the stalks, and destroying weeds. 
Parasites were imported from Europe (Thompson and Parker 1928) and 
the Orient (Baker et aK 1949) and liberated in the infested area. Para-
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si tes shipped to the United States from Europe during the period from 1920 
to Ï337 totalcd 23,396,7i3, and from the Orient totaled 3.070,895- A total 
of 18 species were introduced from Europe and 13 species were obtained from 
the Orient. In some years there has been an appreciable mortality of 
borers as a result of parasitization (Arbuthnot 1955, B1ickenstaff et al. 
1953, York and Carter 1956) but evidence of economic control is lacking. 
Insecticides are used extensively for the control of the corn borer 
on market and canning sweet corn and hybrid seed corn. Investigations 
from 1918 to 1926 showed that commonly used insecticides were ineffective 
in protecting corn from injury. Worthley and Caffrey (1927) conducted 
some of the early work by testing various formulations and rates of appli­
cation of many of the arsenicals, nicotine, hydrated lime, and sulfur. 
Huber et al_. (1928) conducted insecticide experiments in the laboratory 
and field, for control of the corn borer. Laboratory experiments were 
designed to test various insecticidal dusts, while the field experiments 
were designed to control corn borer larvae by applying sodium fluosilicate. 
Borer populations were reduced 58 percent by the fluosilicate treatment. 
Batchelder and Questel (1931) worked with a number of insecticides, but 
none was effective. Turner (1936) reported that pure ground derris (4 per­
cent rotenone), and phenothiozine used in a suspension, gave 85 percent 
borer-free ears in sprayed plots as compared with 36 percent borer-free 
ears in unsprayed plots. Questel (1944) found that DDT was more effective 
than ground derris. The test resulted in a higher reduction of larvae in 
both ears and plants without injury to the corn. Decker et aj_. (1947) 
tested toxaphene, Rhothane, and BHC, and found that they did not compare 
favorably with DDT. Farrar (1953) reported the first use of a granulated 
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type insecticide for the control of insects on corn. Infestations of corn 
e a r v . ' o n n ,  : r .  t h e  v . - . h c r l s  o f  l e t s  c o r n ,  w e r e  c o m p l e t e l y  e l  i  m i n a  L e u  w i t h  a  
single application of 25 percent granular toxaphene and 5 percent granular 
dieldrin. 
Extensive programs in plant breeding for developing inbred lines im­
proving the resistance of the corn borer are being carried on in the United 
States. In a publication issued by the U. S. Department of Agriculture 
(1955), it is stated that hybrids that contain three resistant lines com­
monly have 50 percent less borer survival than hybrids made up of three 
susceptible lines. Some hybrids are considered to be tolerant because they 
break less and produce good yields in spite of attack by the corn borer. 
Insect Diseases 
According to Steinhaus (1949), the microbial control of insects must 
be considered as an integral part of the general field of entomology 
usually spoken of as "biological-controlThe term microbial control is 
that part of biological control concerned with microorganisms. Microbial 
control can result from naturally occurring pathogens or from pathogens 
applied by man. 
Sweetman (1958) stated that insect diseases produced by microorgan­
isms were first discovered in honey bees and silkworms. He reported that 
Aristotle, about 325 B.C., described what was probably fou lbrood of honey 
bees. He also stated that a fungus disease of silkworms was recognized by 
sericulturists in Asia by 1000 A.D. Since that time, hundreds of insect 
diseases have been identified. Steinhaus (1956) has given an excellent 
review of literature on insect pathology. 
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Bacterial Diseases 
Steinhaus (1949) reported that insects attacked by bacteria show a 
lessened and failing appetite, a lack of mobility, and oral and rectal 
discharges. The possibility of using bacterial diseases as agents in 
controlling insects was not shown until d'Herelle (1911) in Yucatan, 
observed large numbers of locusts dying from diarrhea. He isolated the 
organism, a bacterium, from the intestines and suggested its possible use 
for the control of the insects in other countries. White (1923) reported 
that tobacco and tomato horn worms suffered from a septicemia produced by 
Bacterium (Bacillus) sphingidis White. 
Sweetman (1958) has given an excellent review on numerous bacterial 
diseases reported from 1923 to 1939. Dutky (1940) described two milky 
diseases that reduced the population of the Japanese beetle. Langford 
et al. (I942) and Beard (1945) also worked with a milky disease of Japanese 
beetle larvae. They used 100 million spores per gram inserted into the 
soil with a rotary type hand planter, which delivered 2 grams of dust at 
each marked location. Steinhaus (1949) has given an extensive review of 
bacterial diseases of bees. 
Tanada (1956), in Hawaii, used Bacillus thuringiensis against four 
pests of crucifers, the imported cabbageworm, the diamond-back moth, the 
cabbage webworm, and the cabbage looper. Angus and Heimpel (1956) re­
ported that a general paralysis of Bombyx mori larvae occurred when fed B. 
thuringiens is var. sotto. The paralysis was caused by damage to the gut 
which permitted highly alkaline gut contents to leak into the blood. 
Heimpel and Angus (1959) found that the anterior mid-gut is the site of 
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the action of the toxin produced by the bacillus. 
Fungus Diseases 
The fungi are a very important group of plants, many of which produce 
extensive damage to plant and animal populations (Sweetman 1958). They 
were among the first microorganisms recognized to produce diseases of 
insects. He also referred to some of the prominent fungus diseases of 
plants that produce devastations. Epizootics produced by fungi, which 
occur among insect and other animal populations, are less known. The 
prevalence of fungus diseases among insects in various parts of the world 
was discussed by Fetch (1925), who listed 130 species in Ceylon, and 
Charles (1941) who listed nearly 300 species for North America. Baird 
(1958) compiled a list of references and abstracts for 40 entomogenous 
fungi. Wolf and Wolf (194?) reported that in the American tropics, M. 
anisopliae is destructive to approximately 60 species of insects. 
"Sweetman (1958) reported that the entomogenous fungi, Metarrhizium 
anisopliae and Beauveria bassiana, are classified as Deuteromycetes. 
The Deuteromycetes, or Fungi Imperfecti, constitute a heterogenous sub­
division of fungi for which the sexual stage is not known. These fungi 
are the causative agents of the so-called "muscardine disease." Stein­
haus (1949) has given a review of the literature on B^. bassiana from its 
early history until 1949. According to this authority, "the term 
'muscardine1 originated in the Italian language meaning a musk, comfit or 
pear. The French have the words 'muscardin,' meaning a musk lozenge, and 
'muscardine,1 meaning a comfit or bonbon. Because the bodies of the 
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insects infested with the fungi are transformed into white mummified 
specimens resembling bonbons, the French referred to them as 'muscardin.1 
The word 'muscardine' was first used as it applied to the well-known 
disease of the silkworm, and also referred specifically to the fungus 
E). bassiana. Soon thereafter it was also used in reference to the 
fungus we now know as M. anisopliae. Because of the green color of the 
spores, M. anisopliae was called the 'green muscardine fungus,' whereas 
B. bassiana was called the 'white muscardine fungus' because of the white 
color of the mycelium and spores. There is another fungus, Sporosporella 
uvella, a red muscardine which is found in Europe and in North America." 
He further reported "Metchnikoff in 1879, observed large numbers of 
dead wheat cockchafers in the soil. Two days after mortality, a white 
fungus growth appeared on their bodies, particularly noticeable around 
the spiracles. In the blood of the insects, oval fungus bodies could be 
seen, which as infection progressed, filled the body cavity as a mass of 
mycelium. For the fungus M. anisopliae, he proposed the name 
Entomophthora anisopliae. Although M. anisopliae is one of the Fungi 
Imperfect!, the original specific name remains valid, and the organism 
is now known as Metarrhizium anisopliae (Metch.) Sor. The green color 
of this fungus does not appear to be characteristic of all species of 
the genus, since another species, M. album Fetch, parasitic on leafhoppers 
in Ceylon, is white in color, and M. brunneum Fetch, parasitic on a 
cicadellid in the Philippine Islands, is yellow to brown. On the other 
hand, a fourth "species, M. glutinosum Pope, isolated from deteriorated 
cotton has dusky-olive green to olive-black conidia. Since Metchnikoff's 
early observations, a large number of additional insect species have been 
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reported as hosts of the green-muscardine fungus." 
Metarrhizium anisopliae was first found in the United States by 
Pettit (1895) who found the fungus parasitic on the wheat wireworm in 
New York state. Rorer (1913) used the organism in Trinidad successfully 
against the sugar-cane froghopper. Spores of M. anisopliae which were 
disseminated against froghopper infestations reduced the number of insects 
significantly. Urich (1913) reported in Trinidad that in 1912, 19 sugar­
cane fields infested with froghoppers were sprayed with spores of M. 
anisopliae. Twelve fields infested with froghoppers sprayed with spores 
of the fungus, showed no signs of infestation in 1913. Williams (1918), 
in Grenada, reported partial control of sugar-cane froghoppers with M. 
anisopliae. The artificial dissemination of the spores was advocated for 
fields infested with the insects. The year following the applications, 
the froghoppers appeared in small numbers. Smith (1926) suggested dis­
semination of this fungus against first generation froghoppers. James 
(1946) in British Guiana advocated mixing the spores with flour for use 
against the sugar-cane froghopper. The attempt was regarded as success­
ful since infected specimens were found 20 miles away less than a 
year later. According to Hooker (1913) control of May beetle larvae in 
Puerto Rico, using spores of M. anisopliae, was accomplished by mixing 
the fungus with the earth and spreading the preparation at the base of 
the cane plants or trees. Pospelov (1913) reported in Russia that the 
sugar-beet curculio was attacked by spores of M. anisopliae, BL bass iana, 
and Sy uvella, but attempts to use M. anisop)iae as a control for this 
pest failed. 
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Doane (1913)» Friederichs (1913), and Simmons (1939) experimented 
with M. anisopliae against the rhinoceros beetle. Doane (1913) found in 
Samoa, under laboratory conditions, the fungus was pathogenic to the 
rhinoceros beetle, but its spread in the field was too slow for effective, 
quick control. Friederichs (1913), on the other hand, reported the 
beetles became infected when they visited breeding traps seeded with the 
spores. Data gathered from an experiment in which the spores were car­
ried by the rhinoceros beetle to other breeding grounds resulted in sat­
isfactory control. According to Simmons (1939), little mortality occur­
red from the introduction of the fungus into Samoa, although grubs of the 
rhinoceros beetle were frequently found killed by the organism. He also 
pointed out that regular supervision of infected breeding traps was re­
quired. Corbett and Pagden (1941) did not recommend the use of M. 
anisopliae for the control of the beetles in Malaya. They pointed out 
that the fungus was effective against unhealthy larvae. 
Groenewege (1916) tested spores of M. anisopliae against various 
insects of Java, but failed to accomplish control. Stevenson (1918), in 
Puerto Rico, reported'*?rom his own observations and experiments, that 
M. anisopliae did not serve as a practical means of controlling white 
grubs in the soil. According to Knowles (1919), in Fiji, the fungus, 
which was introduced some years previous, acted as a check on the 
insect, Adoretus tenuimaculatus. Evidently environmental conditions be­
came favorable for the fungus to reproduce. Illingworth (1921) in 
Australia, reported that the results of field inoculations with spores 
of M. anisopi iae against white grubs were inconclusive because a 
natural epidemic of the fungus was present. He suggested, however, that 
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grub infested soil be inoculated with fungus spores. Yasukawa (1924) 
found in Formosa that when spores of the pathogen, introduced from 
Hawaii, were applied to the soil, 25 to 30 percent of the adults, and 
13 to 33 percent of the larvae of a 1emel1icorn beetle died in the 
infected soil. 
Lindeman (1926), in Russia, applied the spores of M. anisopliae 
and S_. uvel la to the soil in the autumn of 1924. Sugar-beets were 
sown in the spring and adults of the sugar-beet curculio introduced. 
In 1925, the maximum mortality of larvae of the sugar-beet curculio 
from the disease organisms was 48 percent. The mortality increased 
with the dosage with J5. uvel la but not with JM. anisopl iae. Jarvis (1933) 
recommended, in Queensland, that larvae of the grey-back cockchafer 
infected with M. anisopliae, be collected and mixed with moist soil, 
and redistributed in infested areas before planting. According to 
Swingle (1934), i n Alabama, spores of 13. bass iana and M. anisopl iae, 
applied to the soil around pecan trees, were unsuccessful in control­
ling larvae of the pecan weevil. Not ini (1942), in Sweden, dusted 
larvae of the European cutworm on lettuce and radishes, with arsenical 
or pyrethrum powder, or sprayed the larvae with spore suspensions of 
M. anisopliae. The mortality of larvae from the treatments amounted 
to 23, 0, and 80 percent, respectively. The number of larvae in the 
fungus treated area the following year was very low. Ahlberg (1943), 
in Sweden, applied spores of M. anisopliae to oats infested with cut­
worms. Although the weather was dry and windy, he reported consider­
able mortality. Rockwood (1950) worked with certain strains of 
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Metarrhizium species for the control of wi reworms. He found that 
certain strains of the fungus were very pathogenic to the larvae. He 
also reported that spores of all species of Metarrhizium were no 
longer viable after 18 months. Metarrhizium brunneum which grew on 
artificial culture for 7 years, showed no decline in virulence. Fox 
and Jaques (1958) artificially disseminated H. anisooliae in the soil 
for the control of wireworms. They broadcast the fungus formulation 
at 1.0, 1.5, and 2.0 pounds per plot. The wireworm population was 
sampled at 3, 9, and 15 months after application, and no indication 
could be found that the treatments reduced the wireworm population. 
The negative results of this field experiment support the statement by 
Steinhaus (1949) that "The fungus is so dependent upon the proper 
condition of temperature and humidity as to make its artificial 
distribution impractical except when optimum conditions prevail." 
Gabriel (1959) found in a series of micro-feeding experiments that the 
waxmoth, the silkworm, and the yellow mealworm showed lower number 
of infections when the spores of H- anisopl iae and £,. bass iana were 
micro-fed than when applied externally. He reported a low germination 
of the fungus spores of both organisms in rain water. Most of the 
spores germinated in sterile distilled and tap water and in the 1 to 2 
percent saline solutions. Moderate to abundant germination of the 
spores of both organisms occurred in a 2 percent peptone solution. 
Diseases of the European Corn Borer 
Husz (1928) investigated the pathogenicity of E$. thuringiensis 
to the corn borer. This infectious disease represented one of the 
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first reported for the European corn borer. Metalnikov and Chorine 
(1328) listed several new bacteria found in the corn borer. Chorine 
(1929) reported five new species of bacteria attacking the insect and 
also described the taxonomic features of B.. thur ingiens is. He pro­
vided information on the morphology, staining, temperature reactions 
of these bacteria and their effect on the corn borer, in his descrip­
tions. Metalnikov and Chorine (1929) sprayed corn plants with a sus­
pension of J}* thuringiensis. After three to 10 days, they infested 
the plants with newly hatched corn borer larvae at the rate of 50 on 
each plant. Three other bacteria were also included in the test. At 
the end of the season the average number of îarvae for two replications 
of 15 plants each was 1.3 and 1.4 per plant for the plants treated 
with B. thuringiensis. and 16.7 larvae per plant for the untreated 
plants, whereas, an average of 7.3 larvae per plant was found follow­
ing the application of other bacteria. Other workers, Metalnikov 
(1941), McConnel and Cutkomp (1954), and York (1958) tested B. 
thuringiensis extensively in attempts to control the corn borer. 
McConnel and Cutkomp found in laboratory work that as the spore count 
was increased, the percent mortality increased. These workers carried 
on two tests; in one experiment no mortality of larvae treated occurred, 
in the other, 80 percent mortality was recorded. York (1958), in Iowa, 
reported that he obtained satisfactory control with B. thuringiensis 
against the corn borer. Two, 10, and 50 grams of bacillus culture 
per pound of corn meal gave 46, 63, and 85 percent reduction of first 
brood larvae, respectively. 
The prominent fungus diseases that attack the European corn borer 
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are B.. bass iana and M. an isopl iae. Metalnikov and Toumanoff (1928) 
reported that B., bass iana. as v.-e! ! as certs:.", other fungi, were capable 
of causing disease and mortality of the corn borer. The first report of 
,B. bass iana attacking European corn borer in the United States was by 
Lefebvre (1931)- In preliminary tests, in which the spores were dusted 
over fields infested with larvae, he obtained partial control. Bartlett 
and Lefebvre (1934), in Massachusetts, conducted tests to determine the 
effectiveness of the fungus under field conditions. The fungus caused 
considerable mortality to first and second generation larvae, especially 
with repeated applications and increased dosages. Stirrett e£ aj_. (1937), 
in Ontario, reported that dissemination of E$. bass iana spores to infested 
corn plants reduced the population of corn borer larvae as much as 63 per­
cent. The time of application, in relation to the seasonal development 
of the larvae, appeared to be an important factor in the control achieved. 
Beall et al. (1939) continued the work of Stirrett and his co-workers. 
They concluded that the time of application of the fungus in relation to 
early larval development appeared to be an important factor in the control 
achieved. In this experiment they obtained 60 to 70 percent control. 
Baker aj_. (1949), in the United States, reported that the artificial 
distribution of By bass iana did not produce a continuous source of infec­
tion. According to York (1958), the average reduction of the first brood 
larvae in four tests using sterilized corn meal as a carrier for B. 
bass iana spores was 88 percent, whereas the attapulgi te granule formula­
tions in the same tests gave 78 percent reduction. Maximum reduction 
obtained from treatments applied to control the second brood population 
was 42 percent. He also reported that a mixture of 1 part spores to 500 
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parts granules did not give satisfactory results when applied with a 
high-clearance granular applicator at a rate of 20 pounds per acre. In 
a timing experiment for control of first brood larvae in 1957» York 
(1958) found that there were no differences in control from applying 
either 12 or 20 pound rates per acre of 3 grams of spores per pound of 
carrier. Revelo (1959) reported 86.2 percent control in a timing 
experiment for the control of first brood larvae. He also reported that 
the percentage of control decreased as the season progressed, and that 
single applications were as effective as double applications. In an 
experiment on sweet corn employing single, double, and triple applica­
tions, he reported a control of 87.5 percent with three applications of 
365 grams of spores per acre. Smith and York (i960) were successful in 
infecting moths of the European corn borer with B_. bass iana. The moths 
were dusted with spores of the fungus. They also reported that the 
larvae and the moths died approximately five days following treatment. 
Early attempts to control the European corn borer with M. anisopliae 
were made by Metalnikov and Toumanoff (1928), Wallengren and Johansson 
(1929), Hergula (1930, 193 0, and Wal lengren (1930). These workers car­
ried out their research on a small scale employing hand applications. 
Metalnikov and Toumanoff (1928), and Wallengren and Johansson (1929) ob­
tained a high percentage mortality of corn borer larvae in their experi­
ments. Wallengren and Johansson also gave a description of the manner in 
which M. anisopliae infected the corn borer. Hergula (1930) dusted spores 
of M. anisopliae on plants artificially infested with newly hatched larvae 
of the corn borer. The survival, approximately two months later, was 1.2 
percent as compared with 14.4 percent on the check plants. Hergula (1931) 
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dusted the spores on plants artificially infested with egg masses and 
newly hatched larvae. The plants were dissected and examined 5 to 6 
months after treatment. A spore concentration of 5 to 20 percent in 
potato starch reduced the larval infestation by a maximum of 99.2 per­
cent. He stated that climatic factors had no essential influence on the 
effectiveness of the spores in establishing the disease. Wallengren 
(1930) reported that when corn plants, artificially infested with egg 
masses, were dusted with spores of M. anisopliae, a mortality of 99.3 
percent was obtained. 
Steinhaus (1949) hypothesized, from the reports and information avail­
able, that "It appears that the value of Metarrhizium anisopliae as a con­
trol agent is largely in the realm of natural control. The introduction 
of the fungus into areas, localities, or islands where it does not occur 
may be entirely worthwhile. Once the organism is established, however, it 
appears that, with certain exceptions, the artificial distribution of 
spores is useless. If and when favorable weather conditions prevail, the 
fungus, if present, exercises practically its full effectiveness without 
the help of man. There seems to be little reason for doubting that the 
sporadic and small but continuous occurrence of the disease among certain 
insects has its beneficial effect, even though this effect may rarely be 
enough to bring the insects under control from an economic standpoint." 
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MATERIALS AND METHODS 
Location of Work 
Laboratory and field tests were conducted at the Corn Borer Investi­
gations laboratory, Ankeny, Iowa. The Ankeny laboratory is the main sta­
tion for research conducted on the European corn borer by the Agricultural 
Research Service of the U. S. Department of Agriculture and the Iowa Agri­
cultural Experiment Station. The corn used in these experiments was grown 
by the Ankeny Farm Service of Iowa State University. Applications were 
made by the author with the assistance of temporary help with routine tasks 
that had to be completed in short periods of time. 
Origin of Disease Organisms 
Cultures of thé fungus M. anisopIiae were obtained from Dr. C. G. 
Thompson of the Insect Pathology Laboratory of the U. S. Department of 
Agriculture at Beltsville, Maryland in 1959. The virulence of the pathogen 
decreased after eight months to one year, so a second culture was obtained 
from Dr. Thompson in I960. A sample of spores of M. anisopliae which had 
been screened through a 50-mesh sieve, was also obtained in August I960 
from Dr. J. D. Briggs of the Bioferm Corporation. 
The fungus B_. bass iana was obtained from field collected specimens and 
from cultures maintained at the Ankeny laboratory by Dr. G. T. York. York 
(1958) reported that he obtained the pathogen from diseased larvae found 
during the processing of numerous larvae for parasite infestation records. 
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Cul turing of Organisms 
Pure cultures of M. anisopliae and JL bassiana were obtained by using 
bacteriological techniques. The fungi employed in test applications were 
maintained in a number of ways: (1) by using the spores from the infected 
larvae, (2) by using agar slants and sterilized potato slices to grow the 
fungi, and (3) by culturing the fungi on a bran mixture. Due to the small 
surface of the agar slants, the fungi were grown on slices of potato or 
commercial feed bran when larger quantities of spores were required. It 
must be pointed out that although the agar slants were not employed for 
producing fungi to be used in some experiments, cultures of the fungi were 
maintained on slants, sealed, and placed in a refrigerator. This kept at 
hand the same strains, which were used from time to time to initiate new 
cultures of the fungus. Spores produced by the fungus growth on potato 
slices were used throughout these experiments to inoculate flasks contain­
ing sterilized bran, distilled water, and a small amount of potato dextrose 
agar. 
The fungi M. anisopliae and bassiana were grown in large quantities 
on commercial feed bran. One hundred grams of bran were mixed with 100 cc. 
of distilled water in 1000 cc. Erlenmeyer flasks and sterilized at 15 
pounds pressure for 17 to 20 minutes. One gram of potato dextrose agar 
was added to the bran to give the fungus additional nutrient material from 
which to grow. After cooling the flasks were inoculated with spores of the 
organisms from fresh cultures grown on potato slices. The green, mature 
spores of M. anisopliae were transferred because it had been reported that 
a non-fruiting form could be initiated (Steinhaus 1949). The spores were 
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transferred from the potato slices on a sterilized needle, carefully 
introduced into the top of the flask, and tapped gently to release the 
spores. A non-absorbent cotton plug was inserted to prevent any moisture 
from entering the inoculated flasks. The flasks were then agitated to 
insure a thorough distribution of the spores. Every two days they were 
shaken so that the mycelium would not bind the bran together. Metarrhizium 
anisopliae cultured on the moist bran did not sporulate appreciably un­
less it was grown in dim light. 
Processing of Cultured Organisms 
When the fungi reached maturity in approximately 7 to 8 days (Figure 
1), the flasks were emptied on sheets of brown wrapping paper and the 
contents allowed to dry for one week. A large spatula was used to break 
up the mixture to facilitate removal. During the drying period the 
material was covered with paper to reduce contamination. At the end of 
this period the material was ground in a Hobart mill (Figure 2). A hole 
was drilled in the center of the 1 id so that a small metal rod could be 
inserted to facilitate the feeding of the dried culture to the cutter. 
The finely ground mixture of bran and fungus was collected in a gallon 
container, and the lid sealed around the edges with masking tape to pre­
vent the loss of spores. The preparation was now ready to be mixed for 
laboratory and field experiments. 
Source of Larvae 
Some of the larvae used in these laboratory experiments were col­
lected from the overwintering population in the field. The rest of the 
Figure 1. Beauveria bassiana growing in culture flasks on bran 
medium. This culture is eight days old and is ready 
to be dried 

Figure 2. Apparatus used to grind and collect matured cultures of 
fungus and bran 
25 
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larvae used in these experiments were raised in the laboratory on an 
artificial medium containing a mold inhibitor. 
Laboratory Experiments with Disease Organisms 
Overwintering corn borer larvae were treated with spores of M. 
anisopliae. In order to determine if the ground culture of M. anisopliae 
was virulent to the larvae, 4.25 microliters of a spore suspension were 
injected into the haemolymph of each larva with a microinjector (Figure 
3). The spore suspension was prepared so as to contain 1 gram of ground 
culture of fungus and bran per 100 cc. of distilled water. In all subse­
quent tests, this mixture will be referred to as the "standard suspen­
sion. A 24 gauge hypodermic needle, inserted with a 30 gauge dentist 
cartridge needle, was placed on a calibrated tuberculin syringe (Figure 
4). The smaller needle was inserted under the integument of a larva and 
the standard suspension injected. The treated larva was held on the 
needle for approximately 15 seconds to keep the standard suspension from 
escaping when the larva was removed. Other overwintering larvae were 
also topically treated with two drops of the standard suspension of M. 
an i sopliae to determine if the fungus was infectious. 
Pupae of the European corn borer were injected with 4.25 micro­
liters of the standard suspension of M. anisopliae to determine if the 
spores would infect the pupae. Other pupae of the corn borer were 
also topically treated with two drops of the standard suspension. 
Moths of the European corn borer were subjected to spores of M. 
an i sopli ae. In one experiment five moths in each of two cages were 
sprayed with the standard suspension of M. an i sopli ae with a hand 
Figure 3- Microinjector used 
into European corn 
to inject spores of Metarrhizium anisopliae 
borer larvae 
23 
Figure 4. Syringe and needles 
European corn borer 
used to Inject standard suspension into 
larvae 
30 
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atomizer, and five moths in each of two cages were dusted with spores of 
M. anisopliae from cultures maintained on potato slices. 
Preparation of Fungus Formulations 
Several methods were used in formulating the ground culture of 
fungus and bran for the field experiments. In 1959. either 10, 25, or 50 
grams of the ground culture of M. anisopl iae and JB. bassiana were mixed 
with sufficient attapulgi te granules to make a pound of each formulât ion. 
The mixture was placed in a ball mill and tumbled for 15 minutes. For the 
spray formulations, 25 grams of the ground culture were placed in a 75-
mesh nylon cloth, immersed in a gallon of water, and rolled between the 
fingers. This procedure released the spores into the water, but retained 
the larger bran particles. In all subsequent tests, 25 grams of ground 
culture of fungus and bran mixed with sufficient attapulgi te granules to 
make a pound of formulation will be referred to as the "standard formula­
tion." The same term will be employed for the spray formulation using 
25 grams of ground culture of fungus and bran per gallon of water. 
In I960, the spray and granular formulât ions were prepared in a 
slightly different manner. Sufficient quantities of the standard granular 
formulât ion of M. anisopliae were mixed with attapulgite granules to make 
20 pounds of the formulation. The resulting mixture was placed in a 
cement mixer and tumbled for 15 minutes. For the spray formulation, suf­
ficient quantities of the standard formulât ion were placed in a 75-mesh 
nylon cloth and immersed in a gallon of water. The material was worked 
between the fingers for fiv. minutes to release the spores. The result­
ing suspension was diluted o 10 gallons in the spray tank. 
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Applying Disease Organisms 
In 1959, spray and granular formulations of M. anisopliae and j$. 
bass iana were applied to corn plants by hand. Small amounts of the gran­
ular formulations were sifted between the thumb and fingers on the leaves 
and into the whorls of the plants. For the taller plants, small amounts 
were tossed at the upper portions of the plants several times with the 
thumb and fingers. The spray formulations were applied with a 3-gallon 
knapsack sprayer to the point of runoff. 
In a first brood timing experiment in I960, spray and granular formu­
lations of M. anisopl iae and j}. bass iana were applied by carefully cali­
brated high-clearance machines. The granular formulation was applied at 
the rate of 20 pounds per acre. The spray formulation was applied at the 
rate of 20 gallons per acre. 
Evaluation of Treatments 
The mortality of larvae from the treated corn plants was determined 
in two ways, (1) by slicing and dissecting the entire corn plants, and (2) 
by splitting the plants down the middle. The numbers of cavities, larvae, 
and dead larvae from the dissected stalks were recorded, whereas, only the 
cavities found in the stalks that were split were recorded. The numbers 
of cavities and larvae in the treated plots were compared with those of 
the untreated plots, and the percent control calculated. 
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RESULTS AND DISCUSSION 
Experiments in 1959 
Experiments carried out in 1959 involved (1) inoculation tests on 
overwintering larvae to provide information before testing M. anisopliae 
and JB. bass iana in the field, (2) the treatment of corn borer eggs, and 
(3) field experiments. 
Laboratory experiments 
Metarrhizium anisopliae and B. bassiana cultured in 1959 for field 
experiments were tested acginst larvae of the European corn borer by 
topical applications and by dipping the larvae in the standard suspension. 
Only 800 grams of ground culture of _M. anisopliae were produced in 1959 
because of culturing difficulties experienced in the laboratory. The 800 
grams of ground culture represented three lots of cultures grown in March 
and April. Each culture was tested for pathogenicity to larvae of the 
corn borer. Ten larvae were used in the evaluation. The evaluation 
treatments were started on April 28, and the larvae placed in a constant 
temperature cabinet at 80° F. and 85 percent relative humidity. In the 
evaluation of culture I, nine of 10 larvae dipped in the standard sus­
pension of M. anisopliae died within six days. Ten larvae dipped in 
distilled water remained alive. The signs of the disease were evident as 
brown to orange colored spots appeared on the cuticle with a white myce­
lium growing out of the spiracles and the intersegmental folds. Grad­
ually, the specimens took on a l ight green color brought about by the de­
velopment of spores, which formed one to two days after the larvae began 
to mummify. Six of 10 larvae topically treated died within 10 days, 
miài'wsj a ! i i G untreatea larvae remained alive. The second culture was 
tested May 11. All 10 larvae dipped in the standard suspension died 
within eight days, whereas, all 10 larvae dipped in distilled water re­
mained alive. Ten larvae topically treated with standard suspension died 
within 10 days. Nine of 10 untreated larvae remained alive. The third 
culture was tested May 18. All 10 larvae dipped in the standard suspen­
sion died in eight days, whereas, 10 larvae dipped in distilled water re­
mained alive. Ten larvae topically treated died within nine days, whereas, 
all 10 untreated larvae remained alive during this time. Approximately 
1500 grams of ground culture of j$. bass iana were produced in 1959 for use 
in field and laboratory experiments. The ground culture of fungus with 
bran was tested for pathogenicity to larvae of the corn borer by topical 
application and by dipping the larvae in the standard suspension of B_. 
bassiana. Ten larvae were used in each evaluation. The evaluation treat­
ments were started on April 28. All treated larvae died within five days, 
whereas, all 10 larvae dipped in distilled water remained alive. 
Spore counts were made on M. anisopliae and By bass iana ground cul­
tures of fungus and bran employed in laboratory and field trials in 1959-
The counts were made on a haemocytometer with the allowance of a 2 percent 
error. Three lots of cultures of M. anisopliae previously tested on 
April 28, May 11, and 18 were combined to form the inoculum employed in the 
field experiments in 1959. A spore count which was made on the combined 
cultures, amounted to 779,200,000 viable spores of M. anisopliae per gram 
of ground culture of fungus and bran. The ground culture of EL bass iana 
employed in laboratory and field experiments contained 2,441,640,000 
viable spores per gram. 
On June 18, the spores of M. anisopliae from the original culture ob­
tained from Dr. Thompson, had been transferred five times from old cul­
tures to new media, and a marked decline in the virulence of the fungus 
was noted, when applied to corn borer larvae. Apparently the sterilized 
bran, on which these cultures were produced, was lacking in necessary 
nutrients. Two additional cultures produced on June 18 were tested for 
pathogenicity to larvae of the corn borer, by topical application of the 
standard suspension. Ten larvae were used in the evaluation of each cul­
ture. In all cases, larvae treated with spores from the cultures were not 
affected by the fungus. 
One to two day old eggs of the European corn borer were treated with 
spores of M. anisopl iae and 13. bass iana. The eggs were counted and then 
treated. Spores from the cultures of H. anisopliae maintained on potato 
slices, were dusted on the eggs. Other eggs were dusted with spores of B^. 
bass iana. Eggs of the corn borer were dipped for I minute in the standard 
suspension of M. anisopliae while other corn borer eggs were dipped in the 
standard suspension of ji. bass iana. All treated and untreated eggs were 
placed in a constant temperature cabinet at 80° F. and 80 percent relative 
humidity. Table 1 gives the results. Of the eggs dusted with the spores 
of M. anisopliae, 16.4 percent failed to hatch, whereas, 16.2 percent of 
the eggs dipped in the standard suspension failed to hatch. Of the eggs 
dusted with spores of B_. bass iana, 22.3 percent failed to hatch, whereas, 
36.4 percent of the eggs dipped in the standard suspension failed to 
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Table 1. Eggs of the European corn borer treated with spores of 
Beauveria bass iar.3 and .Metarrhizium an i  sop I  iae, MSQ 
EL bass iana H. anisopliae 
Total Total Percent Total Total Percent 
Treatment treated hatched mortality treated hatched mortality 
Dust 265 206 22.3 323 270 16.4 
Dip 379 241 36.4 334 280 16.2 
Untreated check 193 180 6.7 275 220 20.0 
hatch. A white mycelium grew over the top of the treated eggs, however, 
no evidence was found that the hyphae had penetrated the eggs. 
Field experiments 
Field applications in 1959 were made by hand. Spray and granular 
formulations of H. anisopliae and EL bass iana were made to field corn to 
determine the best schedule of applications to reduce the number of cavi­
ties and larvae, and to compare spray and granular formulations of M. 
anisopliae and EL bass iana. Ten, 25, and 50 grams of ground culture of M. 
anisopliae were mixed with sufficient attapulgite granules to make a pound 
of each formulation. The standard formulation of M. an isopliae was em­
ployed for the spray suspension. The standard formulation of 13. bass iana 
was employed for the spray and granular mixtures. Untreated check plots 
were maintained in the experiment. Four blocks were used in a split-plot 
design with the treatments randomly assigned to the plots. The applica­
tions were made on June 19, 25, July I, and 7- Each plot was 44 feet 
long and one row wide, and contained 22 hi l ls of corn. A border row be­
tween each plot reduced contamination from drifting materials. 
Treatment results were evaluated by dissecting 10 plants at random 
from each plot. The numbers of cavities and dead larvae were recorded. 
Dissections were made approximately three weeks after the last applica­
tion. The results are given in Table 2. Poor results were obtained from 
the granular treatments of M. anisopliae. A reduction of 88.9 percent in 
the number of cavities was obtained with the granular formulât ion of EL 
bass iana appli ed on June 25. A reduction of 92.9 percent was obtained 
with the spray formulation of EL bass iana applied on June 19. The analy­
sis of variance of the data collected in this experiment is given in Table 
17- All treatment differences were non-significant. Data collected from 
the M. anisopliae treated plots show that the spray and granular formula­
tions did not reduce the larval population in the field. The data col­
lected in this experiment are summarized in Table 3- The highest reduc­
tion in the larval population, 87.5 percent, was obtained with the gran­
ular formulation of EL bass iana applied on June 25. A total of 30 diseased 
larvae were found in the dissected treated plants. The analysis of var­
iance of data collected in this experiment is given in Table 18. This 
statistical analysis showed that there was a significant difference be­
tween the treatments. The number of larvae found in the plots treated with 
the granular formulation of EL bassiana was significantly different from 
those recorded from (1) the untreated check plots, and (2) the 25 and 50 
gram granular formulations of the M. anisopliae treatments. Other treat­
ment differences were found between the spray formulation of EL bass iana 
and (1) the untreated check plots, and (2) the standard spray formulation 
of M. anisopliae. 
Table 2. Number of cavities found at dissection time following a single application of Hetarrhizium 
anisopliae and Beauveria bassiana in a timing experiment for control of first brood 
European corn borer, 1959 
Applicat ion 
1 2 3 4 
June 19 June 25 Jul y 1 July 7 
T reatment Cavi ties3 Reduction Cavities a Reduction Cavities9 Reduction Cavit iesa Reduction 
Number Percent Number Percent Number Percent Number Percent 
Granules 
M. anisopliae 
I0b 30 0 20 26.0 19 17.4 17 37 0 
25 15 46.4 28 0 24 0 26 3 7 
50 19 32.2 34 0 13 43.8 24 Il 1 
B. bass iana 
25b 8 
LA 
3 88.9 9 60.9 21 22, 2 
Spray (grams per 
gallon of water) 
M. anisopliae 
25 22 25.0 18 33.3 21 8.7 31 0 
B. bass iana 
25 2 92.9 15 40.7 12 47.8 17 37.0 
Untreated check 28 27 23 27 
aTotal from 10 dissected plants 
bGrams of ground culture mixed with sufficient attapulgi te granules to make a pound of each 
formulât ion 
Table 3« Number of larvae found at dissection time following a single application of Hetarrhi zi urn 
anisopliae and Beauveria bassiana in a timing experiment for control of first brood 
European corn borer, 1959 
Applicat ion 
1 2 3 4 
June 19 June 25 July 1 July 7 
Treatment Larvae3 Reduction Larvae3 Reduction Larvae3 1 Reduction Larvae3 Reductio 
Number Percent Number Percent Number Percent Number Percent 
Granules 
M. anisopliae 
10b 6 14.3 4 60.0 7 12.5 5 54.6 
25 8 0 11 0 8 0 8 27.3 
50 8 0 10 0 5 37.5 8 27.3 
B. bassiana 
25b 4 42.9 1 87.5 5 37.5 6 45.5 
Spray (grams per 
gallon of water) 
M. anisopliae 
25 5 28.6 7 12.5 7 12.5 12 0 
B. bassiana 
25 1 85.7 4 60.0 2 75.0 3 72.7 
Untreated check 7 8 8 11 
aTotal from 10 dissected plants 
bGrams of ground culture mixed with sufficient attapulgite granules to make a pound of each 
formulât ion 
A t iming experiment was undertaken in i959 on the r,f 
brood larvae in relation to seasonal development. A single application 
of spray and granular formulations of M. ani sopliae and B. bass iana was 
made to sweet corn on June 24, July 1, and 6. The experiment as origi­
nally planned, scheduled treatments at six-day intervals, but because of 
heavy rain on June 30, the second application was made on July 1. The 
standard formulations of spray and granular mixtures of each pathogen 
were employed. Due to the low population in 1959, infested plants were 
selected at random and marked for treatment. The plants were approxi­
mately 30 inches high at the time of the first application. Ten plants 
were dissected for each treatment. The results are given in Table 4. A 
reduction of 90.1 percent in the number of cavities was obtained with the 
spray formulation of M. anisopliae applied on July 6. Poor results were 
obtained with the granular formulation. A reduction of 77.8 percent was 
obtained with the spray and with the granular formulation of By bass iana. 
The analysis of variance of the data collected in this experiment is pre­
sented in Table 19. This analysis showed that all treatment differences 
were non-significant. 
A single application of a spray and granular formulation of M. 
anisopliae was made to field corn to determine if the treatment would re­
duce the population. Fifteen hills of corn, consisting of three plants 
each, were manually infested with two egg masses per plant one week before 
treatment. The granular formulât ion was prepared so as to contain 75 grams 
of ground culture mixed with sufficient attapulgi te granules to make a 
pound of the formulation. The spray formulât ion was prepared so as to 
Table 4. Number of cavities found at dissection time following a single application of 
Beauveria bassiana and Metarrhizium anisopliae for control of first brood 
European corn borer, 1959 
Applicat ion 
1 2 3 
June 25 July I July 6 
T reatment Cavities* Reduction Cavities* Reduction Cavities8 Reduction 
Number Percent Number Percent Number Percent 
GranuI es 
M. anisopliae 13 0 4 20.0 9 18.2 
JB. bass iana 2 77.8 5 0 4 73 6 
Spray 
M. anisopliae 3 66.7 5 0 I 90.1 
B. bass iana 2 77.8 6 0 7 36.4 
Untreated check 9 5 11 
aTotal from 10 dissected plants 
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contain 75 grams of the ground culture per gallon of water. The grsnulsr 
formulation was applied by thoroughly fil l ing the whorl and leaf axils of 
the plants. The spray formulât ion was applied until the point of runoff. 
The results are summarized in Table 5* All treatments failed to reduce 
the number of cavities and the number of larvae appreciably. In the dis­
sected treated plants, three dead larvae were found. The analysis of var­
iance of the data collected in this experiment is given in Tables 20 and 
21. These analyses showed that all treatment differences were non-signif­
icant. 
Table 5. Number of cavities and larvae of the European corn borer fol­
lowing a single application of Metarrhizium anisopliae, 1959 
Percent Percent 
reduction reduction 
Treatment Cavities3 cavities Larvae8 larvae 
Number Number 
Granules 15 44.5 9 
Spray 16 40.7 8 
Untreated check 27 13 
aTotal from 10 dissected plants 
Single applications of standard granular formulât ions of M. an i sopliae 
and B. bass iana were made to field corn to compare the organisms with 
respect to control. Visual inspections indicated that better control re­
sulted from the earlier applications of granular formulât ions. Fifteen 
hills of corn, three plants in each hill, were selected and the treatments 
randomly assigned. Each plant in each hill was manually infested with two 
egg masses one week before treatment. Five hills were treated with the 
30.8 
38.5 
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standard granular formulât ion of M. anisopliae, and five with the standard 
granular formulation of j$. bass iana, whereas five hills remained as un­
treated checks. The granular formulât ion was applied by thoroughly fil l ing 
the whorl and the leaf axils of the plants. The spray formulât ion was 
applied until the point of runoff. The results are summarized in Table 6. 
Table 6. Number of cavities and larvae following a single application of 
granular formulations of Metarrhizium anisopliae and Beauveria 
bassiana applied to field corn, 1959 
Percent Percent 
reduction reduction 
Treatment Cavities9 cavities Larvae3 larvae 
Number Number 
M. anisopliae 18 379 8 
B. bass iana 10 65.5 5 
Untreated check 29 10 
aTotal from 10 dissected plants 
Unsatisfactory results were obtained from the M. anisopliae treated plots. 
A reduction of 65-5 percent in the number of cavities was obtained from 
the treatment of j3. bass iana. The analysis of variance of the data col­
lected in this experiment is presented in Table 22. This analysis showed 
that there was a significant difference between the treatments. The num­
ber of cavities from the EL bass iana treated plots differed significantly 
from those recorded from the untreated check plots. The analysis of var­
iance for data on larval reduction presented in Table 23, shows the treat­
ment differences were non-significant. 
One experiment was undertaken in 1959 to study the effect of timing 
20.0 
50.0 
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of a single application of H. ani sopl iae and j?,  bass iana spray and gran­
ular formulations on the control of second brood larvae. The applicat ions 
were made on August 12, 18, and 24. The granular formulation of M. 
anisopliae was prepared so as to contain 50 grams of ground culture mixed 
with sufficient attapulgi te granules to make a pound of formulation. The 
spray formulât ion of M. anisopliae was prepared so as to contain 50 grams 
of ground culture per gallon of water. The standard spray and granular 
formulations were employed for B. bass iana. Ten plants in each plot were 
marked and manually infested with two egg masses three days before the 
first treatment. Untreated check plots were maintained in the experiment. 
A border row was left between the two treated rows of corn so as to re­
duce contamination from drifting materials. Four blocks were used in a 
split-plot design with the treatments randomly assigned to the plots. 
Approximately two weeks after the last treatment, the manually infested 
stalks were dissected to evaluate the results of the treatments. The re­
sults are summarized in Table 7- The data obtained from the dissected 
stalks of the M. anisopliae treated plots showed that the applications 
failed to reduce the number of cavities. The t3. bass iana applications re­
sulted in a somewhat higher reduction in the number of cavities. A 72.8 
percent reduction was obtained with the spray formulation of EL bass iana 
applied on August 18. Results from the applications of the granular 
formulation of {3. bass iana were unsatisfactory. The analysis of variance 
of data collected in this experiment is presented in Table 24. This 
analysis showed that there was a signif icant difference between the treat­
ments. The number of cavities from the plots treated with the spray 
Table 7. Number of cavities found at dissection time following a single application of 
Metarrhizium anisopliae and Beauveria bassiana in a timing experiment for control 
of second brood European corn borer, 1959 
Appli cat ion 
1 2 3 
August 12 August 18 August 24 
Treatment Cavities3 Reduction Cavities3 Reduction Cavities3 Reduction 
Number Percent Number Percent Number Percent 
Granu1 es 
M. anisopliae 
50b 30 30.2 37 37.1 44 4.5 
B. bassiana 
25b 23 46.5 31 47.3 27 41.5 
Spray (grams per 
gal Ion of water) 
M. anisopliae 
50 35 18.6 57 3.1 37 19.7 
B. bass iana 
25 22 48.8 16 72.8 31 32.7 
Untreated check 43 59 46 
aTotal from 10 dissected plants 
bGrams of ground culture mixed with sufficient attapulgi te granules to make a pound of 
each formulation 
formulation of J3. bass iana differed significantly from those recorded 
from the untreated check plots. 
Table 8 shows the percent reduction in the number of larvae follow­
ing the applications made August 12, 18, and 24. Unsatisfactory results 
were obtained from the M. anisopliae treated plots. A reduction of 72.7 
percent was obtained with the spray formulât ion of E$. bass iana applied 
August 18. The analysis of variance for these data is given in Table 25. 
This analysis showed that there was a significant difference between the 
treatments. The number of larvae from the plots treated with the spray 
formulât ion of B. bassiana was significantly different from the number re­
corded from the M. anisopliae sprayed plots and from the untreated check 
plots. All treatments, however, gave unsatisfactory control. 
The results of the 1959 experiments with M. anisopliae did not agree 
with data obtained by Wallengren (1930) and Hergula (1931)- Wal1engren 
(1930) obtained a mortality of 99.3 percent in the larval population 
when spores of M. anisopliae were applied to artif icially infested corn 
plants. Hergula (1931) obtained a mortality of 99-8 percent in the larval 
population when spores of M. anisopliae were applied to artif icially in­
fested corn plants in a concentration of 5 to 20 percent of potato starch. 
The differences in the results in 1959 and those obtained by Wal1engren 
(1930) and Hergula (1931) can possibly be attributed to unsatisfactory 
c1imatic conditions. 
Table 8. Number of larvae found at dissection time following a single application of Metarrhizium 
anisopliae and Beauveria bass iana in a timing experiment for control of second brood 
European corn borer, 1959 
Application 
2 3 
August 12 August 18 August 24 
Treatment Larvae* Reduction Larvae6 Reduction Larvae8 Reduction 
Number Percent Number Percent Number Percent 
Granu1 es 
M. anisopliae 
50b 22 26.7 28 36.4 24 27.3 
EJ. bass iana 
25b 16 44.7 18 59.1 18 45.5 
Spray (grams per 
gallon of water) 
M. anisopliae 
50 31 0 41 6.8 27 18.2 
B. bass iana 
25 13 48.8 12 72.7 16 51.5 
Untreated check 30 44 33 
aTotal from 10 dissected plants 
^Grains of ground culture mixed with sufficient attapulgite granules to make a pound of 
formulât ion 
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Experiments in I960 
Laboratory experiments 
Metarrhizium anisopliae and B.. bassiana cultured in i960 for lab­
oratory and f ield experiments were tested against larvae of the European 
corn borer by injecting 4.25 microliters of the standard suspension into 
the haemolymph. One culture of H. anisopliae produced in January, and 
used in laboratory experiments, was tested for pathogenicity. Ten larvae 
were used in the evaluation. The evaluation treatment was started on 
January 11, and the larvae placed in a constant temperature cabinet at 
80° F. and 85 percent relative humidity. All 10 larvae injected with 
the standard suspension died within f ive days, whereas, al l 10 larvae in­
jected with an equal amount of disti l led water remained alive. The same 
procedures were followed for testing a culture of B. bass iana. also 
produced in January. This culture was employed in all laboratory and 
f ield experiments in i960. Ten larvae injected with the standard sus­
pension died within four days, whereas, 10 larvae injected with an equal 
volume of disti l led water remained alive. Another culture of M. 
anisopliae produced in April, and employed in the f ield trials, was 
also tested for pathogenicity to larvae of the corn borer. Ten larvae 
were used in the evaluation. The evaluation treatments were started on 
April 20, and the larvae placed in a constant temperature cabinet at 
80° F. and 85 percent relative humidity. All 10 larvae injected with 
the standard suspension died within four days, whereas, nine of 10 larvae 
injected with an equal amount of disti l led water remained alive. 
The spores of M. anisopliae employed in laboratory and f ield experi­
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ments were measured with a calibrated ocular micrometer. They ranged from 
2.4 by 5-4 to 2.9 by 7-0 microns with an average of 2.7 by 6.5. Lefebvre 
(1934) reported that the spores of B_. bass iana measured 1.5 by 2.5 
microns. The culture of H. anisopliae produced in January, and used in 
the laboratory tests, contained 606,210,000 viable spores per gram of 
ground culture. The culture of M. anisopliae produced in April and em­
ployed in f ield experiments contained 500,000,000 viable spores per gram. 
Because the LD50 of some insecticides has been determined for a 
number of insects, i t  became of interest to estimate the number of spores 
of M. anisopliae necessary to ki l l  50 percent of larvae of the corn borer 
in an injection experiment. The larvae were injected with 4.25 micro­
l i ters of a spore suspension containing from 1 to 1/3000 gram of ground 
culture per 100 cc. of disti l led water. Decreasing amounts of ground 
culture were employed in each of 15 treatments. Ten larvae were used in 
the evaluation of each treatment. The results are given in Table 26. A 
mortality of 100 percent was obtained for all larvae injected with 1 gram 
to 1/200 gram of ground culture per 100 cc. of disti l led water. The mor­
tality of the larvae decreased with each decrease in spore concentration 
beyond 1/200 gram. The 1/2000 gram treatment resulted in a mortality of 
50 percent. The number of spores injected into each larva in this treat­
ment was calculated. The number of spores necessary to ki l l  50 percent 
of the larvae with 4.25 microliters of the standard suspension of the 
1/2000 gram treatment was approximately 13-
An injection experiment was undertaken to determine i f f i fth instar 
larvae, raised on an artif icial medium, and f ield collected larvae, were 
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equally susceptible to M. ani sopi iae. The larvae were topically treated 
and injected with 4.2$ microliters of the standard suspension. Ten lar­
vae were used in each evaluation. Ten larvae injected with an equal 
volume of disti l led water were maintained throughout the experiment along 
with 10 additional untreated larvae. The results are presented in Table 
9. All larvae injected with 4.25 microliters of the standard suspension 
Table 9- Results of laboratory applications of Metarrhizium anisopliae 
to f i fth instar larvae of the European corn borer, 1960 
Larvae 
Larval showing Dead larvae 
source symptoms Treated Check 
Number Number Number 
Larvae injected 
Laboratory reared3 10 10 0 
Field collected 10 10 0 
Larvae topically treated 
Laboratory reared® 3 3 0 
Field collected 9 9 0 
aReared on artif icial medium 
died within five days, whereas, al l larvae injected with an equal amount 
of disti l led water remained alive. Only three of the topically treated 
larvae raised on the artif icial medium, succumbed to the disease, whereas, 
nine of the f ield collected larvae died. The difference was possibly 
due to the mold inhibitor present in the artif icial medium on which the 
larvae were reared. Figure 5A shows a larva three days after treatment, 
that was injected with 4.25 microliters of the standard suspension. The 
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area of infection is nearest the point of injection. Figure 5B shows a 
larva f ive days after topical treatment. The discoloration around the 
intersegmental folds marked the area of infection. 
Larvae of the corn borer were grown on an artif icial medium to sup­
plement the supply of f ield collected larvae employed in laboratory 
tests. Because larvae of instars 1, 2, 3> and 4 could not be collected in 
the f ield in February and March, they were produced in the laboratory on 
artif icial medium. I t became of interest to determine i f larvae of dif­
ferent instars were equally susceptible to the standard suspension of M. 
anisooliae. Fifty laboratory reared larvae of the f irst, second, third, 
fourth, and f i fth instars were dipped for 1 minute in the standard sus­
pension. Fifty larvae of each instar were also dipped for 1 minute in 
disti l led water and maintained throughout the experiment. The results 
are given in Table 10. The f i fth instar larvae had consumed, over a 
period of seven days, larger amounts of the artif icial medium containing 
the mold inhibitor than the other larval stages. Infection of the f i fth 
instar may have occurred because the larvae in the vials were now in 
contact with smaller quantit ies of artif icial medium containing the mold 
inhibitor. Fifth instar larvae treated and placed on fresh artif icial 
medium were not affected by the fungus. This indicated that the action 
of the spores was inhibited. 
In order to obtain information on environmental conditions affecting 
corn borer larvae, a test of the effect of the relative humidity on the 
growth and development of the fungus M. anisopliae in diseased larvae was 
made. Overwintering larvae were injected with 4.25 microliters of the 
Figure 5A. (Left) European corn borer larva three days after 
injection with Metarrhizium anisopliae 
Figure 5B. (Right) European corn borer larva f ive days after 
topical treatment with Metarrhizium anisopliae 
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Table 10. Mortality of laboratory reared corn borer larvae dipped in 
the standard suspension of Metarrhizium anisopliae 
Treated Untreated check 
Instar Total Mortality Total Mortality 
Number Number 
1 50 3 50 4 
2 50 2 50 2 
3 50 13 50 4 
4 50 12 50 1 
5 50 43 50 1 
standard suspension of M. anisopliae. Ten larvae were used in each evalu­
ation. After treatment the larvae were held at 25, 70, and 90 percent 
relative humidity and a temperature of 80° F. The results are given in 
Table 11. All larvae injected with the standard suspension died within 
f ive days. The mycelium did not develop on the dead larvae held at 25 
percent relative humidity. The mycelium present on the larvae held at 70 
percent was poorly developed, whereas, the growth on the larvae held at 
90 percent was thick and abundant. Two of the dead larvae held at 90 
percent relative humidity are shown in Figure 6. 
Internal development I t was decided that a study of the internal 
development of M. anisopliae was appropriate to determine the association 
of the pathogen with larvae of the European corn borer. To study this 
development, 100 overwintering larvae were injected with the standard sus­
pension of M. anisopliae. A sample of two drops of haemolymph was re­
moved from each of 10 injected larvae every 12 hours for f ive days. Each 
sample of haemolymph was examined under a microscope. At the end of 24 
Table 11. Effect of relative humidity on the mortality of f i fth instar corn borer larvae 
treated with Metarrhizium anisopliae 
Treatment 
(10 larvae) 
25 percent r.h. 
Dead larvae 
70 percent r.h. 
Dead larvae 
90 percent r.h. 
Dead larvae 
Total 
Mycelium 
developed Total 
Mycelium 
developed Total 
Mycelium 
developed 
Number Number Number 
Injected 10 0 10 10 10 10 
Dipped 7 1 9 5 9 8 
Topical 6 0 7 0 7 6 
Untreated check 
Injected 0 0 0 0 I  0 
Dipped 0 0 0 0 0 0 
Topical 0 0 0 0 0 0 
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Figure 6, Dead European corn borer larvae infected with Metarrhizium 
anisopliae 
hours the spores had not germinated in any of the samples examined. After 
48 hours, infection hyphae were subsequently formed from the germinating 
spores in eight of the 10 samples examined. In one of the samples, the 
infection hyphae had fragmented, and had formed hyphal bodies. After 60 
hours, hyphal bodies were formed in the haemolymph in all 10 samples ex­
amined. The bodies were observed budding at one or both ends, the pro­
cess lasting but a short t ime. These new hyphal bodies reproduced unti l 
the entire body cavity was ult imately f i l led. Eventually, most of the 
haemocytes of the haemolymph were destroyed. Sometime between 60 and 72 
hours, approximately 90 percent of the hyphal bodies disintegrated. The 
remaining bodies germinated at one or both ends and gave rise to the 
mycelium that invaded the body cavity, the tissues, and f inally penetra­
ted the integument. The time interval for the formation of the hyphal 
bodies appears to depend on ( l) the amount of spore inoculum deposited in 
the haemolymph and (2) the virulence of the fungus injected. 
The pH of the haemolymph of diseased and healthy European corn borer 
larvae was studied to determine i f  a pH change occurred. In a prel iminary 
test, the pH of 50 f ield col lected larvae was found to vary from 6.25 to 
6.9• Secondly, the pH of 50 larvae reared on an art i f icial medium was 
found to vary from 6.28 to 6.60. Since the pH of the laboratory reared 
larvae varied less, these larvae were used in subsequent evaluations. One 
hundred larvae were injected with 4.25 microl i ters of the standard suspen­
sion of M. an i  sopli  ae. Two-drop samples of haemolymph were col lected from 
10 treated larvae every 12 hours for five days. The sample collected was 
placed in a microbeaker present on a Beckman pH meter and the pH deter­
mined. The results are given in Table 12. The pH of the larvae injected 
w i t h  d i s t i l l e d  w a t e r  r e m a i n e d  f a i r l y  c o n s t a n t  t h r o u g h o u t  t h e  experiment. 
After 72 hours, however, there was a change of 0.13 pH units in the haemo-
1 ymph of the treated larvae. A statistical analysis of the preliminary 
d a t a  i n d i c a t e d  t h a t  a  p H  c h a n g e  o f  0 . 1 1  u n i t s  w a s  s i g n i f i c a n t  a t  t h e  5  
percent level of probabilities. The larvae examined at the end of 84 and 
96 hours were diff icult to work with. The integument had begun to harden 
and the haemolymph had become thick and viscous. 
Table 12. pH changes in the haemolymph of European corn borer larvae 
injected with standard suspension of Metarrhizium anisopliae 
Hours after treatment 
Mean 
Check3 
pH 
Treated3 
24 6.44 6.46 
36 6.48 6.50 
48 6.49 6.46 
60 6.44 6.48 
72 6.46 6.59 
84 6.44 6.56 
96 6.44 6.56 
aEach figure represents the mean pH for 10 larvae 
Susceptibil i ty of pupae To further study the association of M. 
anisopliae with the European corn borer, an experiment was designed to 
determine i f pupae of the corn borer were susceptible to M. anisopliae 
spores. Forty pupae of the corn borer were dipped for 1 minute in the 
standard suspension of M. anisopliae. Each pupa was placed in a separate 
vial in a constant temperature cabinet at 80° F. and 85 percent relative 
59 
humidity. Twenty pupae were removed after 4S hours and 10 rinsed for Î 
minute in 70 percent alcohol, and 10 rinsed in a 1 part phenylmercuric 
nitrate per 1500 cc. of disti l led water solution. Ten untreated pupae 
were rinsed in 70 percent alcohol, and 10 in the phenylmercuric solution. 
One week after treatment, the remaining 20 treated pupae were examined 
for signs of the disease. The results are presented in Table 13. Four 
of the 20 pupae that were dipped in the standard suspension, died 
within seven days. These four pupae exhibited signs of the disease 
as a mycelium f irst appeared externally at the spiracles, then the 
legs, and then the intersegmental folds. Sporulation of the fungus 
occurred approximately two days later on the surface of the dead pupae. 
Two of the dead pupae infected with the disease are shown in Figure 7. 
Table 13. Mortality of European corn borer pupae treated with the 
standard suspension of Metarrhizium anisopliae 
Treatment 
Number of pupae Number of moths 
Treated Dead Emerged 
Dipped 
Untreated check 
Dipped and rinsed in 70 
percent alcohol 
Untreated check (rinsed 
in 70 percent alcohol) 
Dipped and rinsed in 
phenylmercuric nitrate 
Untreated check (rinsed in 
phenylmercuric nitrate) 
20 
20 
10 
1 0  
4 
0 
1 6  
20 
10 
Figure 7. Dead pupae of European corn borer infected with 
Metarrhizium anisopliae 
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Five of the 16 moths that emerged from the surviving pupae died within 
three days. Green spores of the fungus were formed on the surface of 
the moths in approximately two days. 
Susceptibil i ty of adults To continue the study of M. anisopliae 
i t  was felt that an experiment was necessary to determine i f  adult moths 
of the European corn borer were susceptible to the disease. Moths of 
the corn borer were treated with the fungus by gently sift ing a small 
amount of spores of M. anisopliae into two cages containing five moths 
each. After treatment, the cages were rolled by hand for 1 minute to 
insure a thorough distribution of the spores on the moths. The moths 
were two days old at the time of treatment. Two other cages containing 
f ive moths each were sprayed with the standard suspension of M. 
anisopliae using a hand atomizer. Additional moths were maintained 
in two untreated cages. The cages were placed inside I  gallon crocks 
with two cages in each crock. Several pieces of cheesecloth were satur­
ated with disti l led water in the bottom of each crock. The crocks were 
placed in a constant temperature cabinet set to control the temperature 
at 80° F. and 90 percent relative humidity. The results are given in Table 
14. Nine days after treatment eight of 10 moths dusted with the spores 
died, whereas, two of f ive moths died in the untreated cages. After 10 
days, only six of 10 moths sprayed with the standard suspension died, 
whereas, two of f ive moths died in the untreated cages. One of the dead 
moths infected with M. anisopliae is shown in Figure 8. The t ime be­
tween infection and mortal i ty was somewhat longer than that required for 
larval mortality. The moths in this test required an average of 10 days 
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Table I4. Fate of moths of the European corn borer treated with the 
spores of Metarrhizium anisopliae 
Moths 
Trea tment Cage Treated Dead Mycelium 
Number Number Number 
Dusted with spore inoculum 15 4 4 
2 5 4 4 
Sprayed with spore suspension 15 3 3 
2 5 3 3 
No treatment 15 2 0 
Sprayed with disti l led H^O 2 5 2 0 
to succumb to the disease, whereas larval mortality occurred in approxi­
mately six days. This is considerably longer than the time i t took for E). 
bassiana to ki l l  the larvae and moths. 
Field experiments 
The results of the f ield applications of M. anisopliae during 1959 
were unsatisfactory, however, since seasonal differences might influence 
results, the organisms were tested again in I960. 
An experiment on the effect of t iming of applications in relation to 
control of f irst brood corn borer larvae was undertaken. Single, double, 
and tr iple applications of spray and granular formulations of M. anisopliae 
were made to sweet corn approximately 30 inches high at the time of the 
f irst treatment. Sufficient quantit ies of the standard formulation of M. 
anisopliae were mixed with attapulgite granules to make 20 pounds of for­
mulation. For the spray suspension, sufficient quantit ies of the standard 
formulation were placed in a 75-mesh nylon cloth and added to a gallon of 
Figure 8. Dead moth of European corn borer infected with 
Hetarrhi zium anisopliae 
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water. The materia] was worked between the fingers for f ive minutes to 
.  ^ 1 case Lne spores. I ne resulting suspension was diluted to 10 gallons in 
the spray tank. Both spray and granular formulât ions were applied with 
carefully calibrated high-clearance machines. The spray formulation was 
applied at the rate of 20 gallons per acre, whereas the granular formu­
la t i  on was applied at the rate of 20 pounds per acre. A split-plot design 
was used with the treatments randomly assigned to four blocks. Ten plants 
within each plot were manually infested to insure a uniform population 
for treatment. Each treated plot was two rows wide, separated by a 
border row, which reduced the drift of materials from plot to plot. For 
the spray formulations in one block, three of six plots were sprayed on 
July 6 with a single application. On July 13, two of the three plots were 
sprayed a second time, and two additional plots were sprayed. On July 19, 
three plots were sprayed: ( l) one plot that received one application 
July 6 and one July 13 was sprayed a third time, (2) one plot that re­
ceived an application July 13 was sprayed a second time, and (3) an ad­
dit ional plot was sprayed. The procedure was repeated employing the gran­
ular formulation on a separate set of plots. The data are summarized in 
Table 15- Again, as in the 1959 experiments, al l M. anisopliae treatments 
failed to reduce the number of cavities significantly. The analysis of 
variance of the data collected in this experiment is presented in Table 
27- This analysis showed that the treatments did not differ significantly. 
The fungus M. anisopl iae was further tested on a moderately heavy in­
festat ion of European corn borer in a f ield located at Tama, Iowa. Appli­
cations, as in previous tests, were made with a high-clearance applicator. 
Table 15. Number of cavities found at dissection time following appli-
ra h : Ar» r* Mof a j * s*k ' "7 ' ] 1 m an '  c aa! ' ââ »-» v ,-x •£ ' »«f f k r AA /-I 
corn borer in sweet corn, I960 
Treatment 
Date Cavities3 Control 
Number Percent 
Granular formulation 
July 6 117 0 
13 104 10.0 
19 73 36.5 
6 and 13 96 25.0 
13 and 19 128 0 
6, 13, and 19 102 11.5 
Spray formulation 
July 6 104 9.5 
13 102 11.5 
19 118 0 
6 and 13 99 0 
13 and 19 116 14.0 
6, 13, and 19 115 0 
Untreated check 115 
aTotal from 40 dissected plants 
Sufficient quantit ies of the standard formulation were mixed with atta-
pulgite granules to make 10 pounds of the formulation. The mixture was 
applied at the rate of 20 pounds per acre to two rows of f ield corn ap­
proximately one-half mile long. Each treated plot was 240 feet long and 
was separated by a plot of equal length of untreated corn along the half 
mile rows. Five blocks of treated and untreated plots were set up in this 
manner. Ten naturally infested plants in each block were marked immedi­
ately following the application. The marked plants were dissected several 
weeks after treatment. A total of 82 cavities were found in plants of the 
treated blocks, whereas, 111 cavities were found in the untreated plants. 
Results of the treatment were unsatisfactory. A heavy rain fell in the 
area immediately after the single application, which may have influenced 
the results. 
An experiment on f ield corn was undertaken on June 28 on the effect 
of t iming for control of f irst brood corn borer larvae. Single, double, 
and tr iple applications of spray and granular formulations of M. anisopliae 
and J3. bassiana were made June 28, July 6, and 13 to manually infested 
f ield corn. The granular formulât ions of M. an isopliae and j$. bass iana 
were prepared so as to contain 75 grams of the ground culture of fungus 
and bran mixed with sufficient attapulg i  te granules to make a pound of 
each formulation. Each spray formulât ion was prepared by placing 75 grams 
of the ground culture in a gallon of water. The granular formulations 
were applied to the plants by sift ing the mixture between the thumb and 
f ingers, and thoroughly f i l l ing the leaf axils. Spray formulations were 
applied to the plants with a 3-gallon knapsack sprayer, to the point of 
runoff. The plants were dissected two weeks after the last application. 
The results are presented in Table 16. One of the dead European corn 
borer larvae infected with E?. bass i  ana is shown in Figure 9-
A reduction of 84.9 percent in the number of cavities was obtained 
with the granular application of H. anisopliae from the plots that received 
three applications. The results obtained with the spray formulât ion of M. 
anisopliae were unsatisfactory. No cavities were found in the plots 
treated with three applications of the granular formulation of . bass i  ana. 
A reduction of 96.8 percent was obtained from the plots that received two 
applications of the spray formulation of B_. bass i  ana on June 28 and July 6. 
68 
Table 16. Number of cavities found at dissection time following applica­
t ions of  Metarrhiz ium an i  sod I i  ae and Beauver i  a anm fnr  
control of f irst brood corn borer in f ield cornl 1960 
T reatment 
Date of application Cavi t iesa  Control 
Number Percent 
M. anisopl iae 
Granules 
June 28 18 45.5 
July 6 17 48.5 
13 36 0 
June 28, July 6 15 54.6 
July 6, 13 20 39.4 
June 28, July 6, 13 5 84.9 
Untreated check 33 
Sprays 
June 28 14 58.8 
July 6 23 32.4 
13 20 41.2 
June 28, July 6 18 48.1 
July 6, 13 30 11.8 
June 28, July 6, 13 16 54.0 
Untreated check 34 
B. bassiana 
Granules 
June 28 2 94.1 
July 6 11 67.7 
13 9 73.5 
June 28, July 6 6 82.4 
Jul y 6, 13 7 39-4 
June 28, July 6, 13 0 100.0 
Untreated check 34 
Sprays 
June 28 4 87.1 
Jul y 6 12 61.4 
13 19 38.8 
June 28, July 6 1 96.8 
Jul y 6, 13 3 90.3 
June 28, July 6, 13 2 93.6 
Untreated check 31 
aTotal from 15 dissected plants 
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Figure 9- Dead larva of European corn borer infected with Beauveria 
bass iana 
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The data were evaluated, and the results are presented in Table 28. The 
statistical analysis of the data showed: (1j That control in the treated 
plots was significantly better at the 1 percent level than that obtained 
in the untreated check plots, (2) that the superior control from J3. 
bassiana was highly significant, (3) that two or three applications of a 
granular formulation of M. anisopliae gave significantly better control 
than the single applications, (4) that control obtained from the June 28 
and July 6 single applications of the granular formulation of M. 
anisopliae was significantly better at the 1 percent level than that 
obtained from the July 13 application, and (5) differences between the 
treatments with IB. bass iana were non-significant. 
71 
CONCLUSIONS 
Laboratory experiments conducted in 1959 and I960 showed that the 
pathogenicity of M. anisopliae to larvae of the European corn borer was 
equal to that of B. bassiana. Pupae of the corn borer were slightly 
affected by spores of M. anisopliae. Moths of the corn borer were 
only moderately susceptible to H. anisopliae, whereas, moths treated 
with B. bassiana were susceptible. 
Field experiments show that satisfactory control of the European 
corn borer was not obtained with M. anisopliae, whereas, applications 
of E). bass iana were moderately effective. Granular formulât ions of 
these pathogens resulted in better control of European corn borer larvae 
than the spray formulations. 
Since favorable results were obtained in the laboratory with M. 
anisopliae, further f ield tests with this organism would be in order. 
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SUMMARY 
Interest in microbial control has increased for two reasons: (1) 
Objectionable residues following the use of insecticides, and (2) the 
resistance of insects to insecticides. Research workers have demon­
strated that control of the alfalfa caterpillar and the imported cab­
bage worm is now possible with applications of B-. thuring iens is. 
Metarrhizium anisopliae was obtained from Dr. C. G. Thompson of the 
Insect Pathology Laboratory of the U. S. Department of Agriculture. 
Beauveria bassiana was obtained from cultures maintained in the Corn 
Borer Investigations laboratory by Dr. G. T. York at Ankeny, Iowa. 
Metarrhizium anisopliae and j$. bass iana were cultured in the lab­
oratory on potato slices. Spores from these slices were used to inoc­
ulate flasks containing moistened sterilized bran and a small amount of 
potato dextrose agar. Some difficulty was encountered in culturing M. 
anisopliae in 1959. Sufficient quantities of both fungi were produced 
in I960 on the bran mixture for use in the field experiments. 
The number of spores of M. ani sopliae necessary to kill 50 percent 
of the larvae of the corn borer in an injection experiment was found to 
be approximately 13- This was accomplished by injecting 4.25 micro­
liters of a dilution containing 1/2000 gram of a ground culture in 100 
cc. of distil led water. 
In an attempt to determine the susceptibility of the different 
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larval instars of the corn borer to M. anisopliae, 50 of each of the 
five larval instars were dipped in the standard suspension. The results 
of the test showed that first and second instar larvae were not affected, 
third and fourth instars were moderately affected, and that fifth instar 
larvae were severely affected by the disease. Reasons for this variation 
are not known, but may be due to the amount of mold inhibitor present in 
the artificial medium. 
Laboratory experiments showed that the fungi H. anisopl iae and El. 
bassiana were equally pathogenic to the corn borer. Both caused 100 per­
cent mortality after five days when injected with 4.25 microliters of the 
standard suspension. 
A study of the pH was made to determine if a change occurred in the 
haemolymph of diseased corn borer larvae. Laboratory reared larvae were 
used in this study because the pH of the haemolymph varied less than the 
field collected larvae. After 72 hours, the pH of samples from 10 larvae 
injected with spores of M. anisopliae had changed significantly to 6.59 
as compared to 6.46 for the larvae injected with an equal amount of 
distilled water. 
In an attempt to determine the fate of hyphal bodies of M. anisopliae 
in larvae of the corn borer, a study of the internal development of the 
fungus was made. An infection hypha, formed from a germinating spore, 
penetrated the body cavity, fragmented, and formed hyphal bodies. These 
hyphal bodies multiplied by budding, and eventually gave rise to a 
mycelium that filled the body cavity and emerged to the external surface 
of the insect by penetrating the integument. 
Pupae of the corn borer topically treated were not readily sus­
ceptible to spores of M. anisopliae. A mortality of 20 percent was ob­
tained when 20 pupae were dipped for one minute in a spore suspension. 
Moths of the corn borer were only moderately susceptible to M. 
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anisopliae. A mortality of 80 percent occurred within nine days after 
the moths had been dusted with spores of this organism, whereas, 40 per­
cent of the untreated moths died. All of the moths treated with E3. 
bass iana died within five days. 
A timing experiment in 1959 was conducted in relation to the 
seasonal development of first brood larvae. The highest reduction in 
the number of cavities with formulations of M. anisopliae, 60.0 percent, 
was obtained on June 25, whereas, a reduction of 87.5 percent was ob­
tained with granular formulations of By bass iana applied on June 25. A 
reduction of 85.7 percent was obtained with the spray formulation applied 
on June 19. 
In a timing experiment for control of second brood larvae in 1959, 
the reduction in the number of cavities with the spray formulât ion of 
M. ani sopliae ranged from 3-1 to 19.7 percent, and a reduction of from 
4.5 to 37.1 percent was obtained with the granular formulation. A re­
duction of 72.8 percent was obtained with the spray formulation of EL 
bassiana, and the granular formulation gave 59-1 percent control when 
applied on August 18. 
An experiment was undertaken in I960 on the effect of timing on 
control of first brood corn borer larvae on sweet corn. The reduction 
in the number of cavities with the spray and granular formulations of M. 
anisopliae ranged from 0 to 3~-5 percent. Two and three applications of 
the formulations failed to increase the percent reduction. 
Single, double, and triple applications of spray and granular formu­
lations' of M. anisop 1 iae and E$. bassiana were made by hand to field corn 
for control of f irst brood larvae in I960. A reduction of 84.9 percent 
in the number of cavities was obtained with the granular formulation of 
M. anisopliae on the corn plants that received three applications. No 
cavities were found in the corn of the plots that received three appli­
cations of the granular formulation of B. bassiana. 
From these experiments it was found that the two fungi were equal 
in pathogenicity to corn borer larvae in the laboratory. In the field, 
however, M. anisopl iae gave poorer results than did B^. bass iana. 
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Table 17. Analysis of variance of data on the number of cavities fol­
low! no a single ann? -rafinn of Me te r rh : z I cr. • sop i a.iu 
Beauveria bassiana in a timing experiment for control of 
first brood European corn borer, 1959 
Source of Degrees of Sum of Mean 
variation freedom squares squares F value3 
Between blocks 3 69.45 23. 15 1, .29 n.s. 
Between treatments 6 234.00 39. 00 2. .18 
Error (a) 18 322.36 17. 91 
Timing 3 41.38 13. 79 1, .48 n.s. 
Timing x treatments 18 171.68 9. 54 1. .02 n.s. 
Error (b) 63 587.69 9. 33 
Total 111 1426.56 
a 
n.s. = non-significant 
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Table 18. Analysis of variance of data on larval survival following a 
- ' 1 — — _ _ 1 ? _ T u. A» ^ — I- i • „ _ • —• • 
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bass iana in a timing experiment for control of first brood 
European corn borer, 1959 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
squares F value3 
Between blocks 3 13.60 4. 53 3.85* 
Between treatments 6 35-36 5.89 5.00** 
Error (a) 18 21.21 1.18 
Timing 3 3-88 1.29 1.01 n.s. 
Timing x treatments 18 15.93 0.89 0.69 n.s. 
Error (b) 63 80.94 1.29 
Total 111 170.92 
a* = significant at the 5 percent level 
** = significant at the 1 percent level 
n.s. = non-significant 
Table 19- Analysis of variance of data on the number of cavities fol­
lowing a single applicat ion of Hetarrhizium ani sopliae and 
Beauveria bassiana for control of first brood European corn 
borer, 1959 
Source of Degrees of Sum of Mean 
variation freedom squares squares F value3 
Between treatments 4 82.93 20.73 2.05 n.s. 
Between applications 2 4.93 2.47 0.24 n.s. 
Treatments x application 8 81.07 1 0 . 1 3  
Total 14 168.93 
an.s. = non-significant 
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Table 20. Analysis of variance of data on the number of cavities fol­
lowing a single application of Metarrhizium anisopliae. Î959 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
squares F value3 
Between treatments 2 4.20 2.10 2.77 n.s. 
Plants per treatment 27 20.50 0.76 
Total 29 24.70 
a .. 
n.s. = non-s»gnif i cant 
Table 21. Analysis of variance of data on larval survival following a 
single application of Hetarrhizium anisopliae, 1959 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
squares F value3 
Between treatments 2 1.40 0.70 1.50 n.s. 
Plants per treatment 27 12.60 0.47 
Total 29 14.00 
an.s. = non-significant 
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Table 22. Analysis of variance of data on number of cavities following 
a single application of granular formulât ion of Metarrh i?iim 
anisopliae and Beauveria bassiana applied to field corn, 1959 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Hean 
squares F value3 
Between treatments 2 10.07 5.04 4. 62* 
Plants per treatment 27 29.40 1.09 
Tota 1 29 39.47 
a* = significant at the 5 percent 1 evel 
Table 23- Analysis of variance of data for larval survival following 
a single application of granular formulation of Hetarrhizium 
anisopliae and Beauveria bass iana applied to field corn, 1959 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Hean 
squares F value3 
Between treatments 2 1.27 0.64 0.95 n.s. 
Plants per treatment 27 18. 10 0.67 
Tota 1 29 19-37 
3n.s. = non-significant 
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Table 24. Analysis of variance of data on the number of cavities foi-
!vwiuy a iinyic of application or Hetarrhizium anisopliae 
and Beauveria bassiana in a timing experiment for control 
of second brood European corn borer, 1959 
Source of Degrees of Sum of Mean 
variation freedom squares squares F value3 
Between blocks 3 139-93 46.64 1.82 n.s. 
Between treatments 4 358.26 89-57 3.49* 
Error 12 308.41 25-70 
Timing 2 57-63 28.82 0.94 n.s. 
Timing x treatments 8 113-54 14.19 0.46 n.s. 
Error 30 920.16 30.67 
Total 59 1897-93 
an.s. = non-significant 
•k = significant at the 5 percent level 
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Table 25. Analysis of variance of data on larval survival following a 
single application of Metarrh; ?î;<rn anit<yi geauvc r ' 2 
bass iana in a timing experiment for control of second brood 
European corn borer, 1959 
Source of 
variation 
Between blocks 
Between treatments 
Error 
Degrees of 
freedom 
3 
4 
1 2  
Sum of 
squares 
64.85 
273-76 
181.57 
Mean 
squares 
21 .62  
68.44 
15.13 
F value3 
1.43 n.s. 
4.52* 
Timing 
Timing x treatments 
Error 
2 
8 
30 
27.03 
33.64 
361.33 
13^52 
4.21 
12.04 
1.12 n.s. 
0.35 n.s. 
Total 59 942.18 
an.s. = non-significant 
* = significant at the 5 percent level 
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Table 26. Larvae of the European corn borer injected with different 
amounts of ground culture of Metarrhîzinm anicnnl iaa.  1960 
T reatment: 
Gram of ground culture Dead larvae 
cc. distilled water Treated Check Mycel 
Number Number Numb* 
1 10 . 0 10 
1/2 10 1 10 
1/4 10 0 10 
1/8 10 1 10 
1/15 10 0 10 
1/25 10 1 10 
1/50 10 0 10 
1/100 <0 1 9 
1/200 10 0 8 
1/300 9 0 7 
1/400 10 0 8 
1/500 9 0 7 
1/1000 7 1 7 
1/2000 5 1 5 
1/3000 4 1 3 
^Represents a total of 10 larvae in each treatment 
^Represents an average for two replications 
Table 27. Analysis of variance of data on the number of cavities fol low­
ing applications of Hetarrhizium an i SOD ! ; ae for cnntm! r>f 
f irst brood corn borer on sweet corn, I960 
Source of Degrees of Sum of Mean 
variation freedom squares squares F value3 
Between blocks 3 182.72 60.91 0.99 n.s. 
Between treatments 13 585.36 45.03 0.73 n.s. 
Formulât ion 1 20.64 20.64 0.33 n.s. 
Applicat ions 6 270-36 45.06 0.73 n.s. 
Formulation x applications 6 294.36 49.06 0.80 n.s. 
Error 39 2402.78 61.61 
Total 55 3170.86 
3n.s. = non-significant 
Table 28 Analysis of variance of data on the number of cavities following applications of 
Hetarrhizium anisopliae and Beauveria bassiana for control of first brood corn 
borer in field corn, I960 
Source of Degrees of Sum of Mean 
variation freedom squares squares F value'1 
Between blocks 2 78.16 39.09 5.34** 
Between treatments 27 1145.91 42.44 5.78** 
Treatments vs. checks 1 464.79 464.79 63.51** 
Among checks 3 0.33 0.11 0.02 n.s. 
Among treatments 23 680.78 29.60 4.05** 
M. anisopliae vs. B. bassiana I 338.00 338.00 46.19** 
Among M. anisopliae 11 226.22 20.57 2.81** 
Sprays vs. granules 1 2.78 2.78 0.38 n.s. 
Among sprays 5 54.94 10.99 1.50 n.s. 
Among granules 5 168.50 33-70 4.61** 
Singles vs. two or more applications I 53.39 53.39 7.30** 
Among single applications 2 76.22 38.11 5.21** 
June 28 vs. July 6 and July 13 1 16.06 16.06 2.19 n.s. 
July 6 vs. July 13 1 60.17 60.17 8.22** 
Among two or more applications 2 38.89 19.44 2.66 n.s. 
Two vs. three applications 1 34.72 34.72 4.75* 
Among two applications I 4.17 4.17 0.57 n.s. 
Among B. bassiana 11 114.89 10.45 1.43 n.s. 
Error 54 395.17 7.32 
Total 83 1619.24 
a* - significant at the 5 percent level 
** = significant at the 1 percent level 
n.s. = non-significant 
